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(57) Scope of Patent Claim 

1 . A method of producing a negative electrode [anode] for an alkaline battery, 
characterized in that zinc in powder, fiber, or particle form is uniformly mixed and 
dispersed in an aqueous polyvinyl alcohol solution containing 0.01 to 10 mol% of a 
boron oxide or boric acid in terms of the polyvinyl alcohol, this mixture is molded, and 
then it is combined with an alkaline solution to produce a gel-like dispersion. 

Detailed Description of the Invention 

The present invention relates to a method of producing a negative electrode 
[anode] for an alkaline battery that uses metallic zinc as the anode active substance and 
oxygen or a metal oxide as the positive electrode [cathode] active substance. 

As illustrated, this type of alkaline battery is usually obtained by joining an 
oxygen electrode for air batteries or a cathode substance 2, whose cathode active 
substance is a metal oxide, such as manganese dioxide, silver oxide, nickel oxide, or 
mercury oxide, to the wall around the inside of metallic container 1 , which serves as the 
positive pole collector ring, further placing on the inside an anode substance 4 
comprising a mixed gel of zinc in powder form, fiber form, or particle form as the 
negative pole active substance and a viscous substance, such as an aqueous 
carboxymethylcellulose solution or alkaline solution, with porous diaphragm 3, such as a 
nylon nonwoven material, in between, and connecting anode collector ring 5, which is 
inserted into this negative electrode substance, to anode 7 at the outside of seal 6. 

This anode substance is a viscous gel-like dispersion and precautions must be 
taken so that it does not become fluid or change shape, that contact with the collector 
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ring does not deteriorate, and that the zinc does not separate during storage and use. 
Therefore, nneasures are taken such as dispersion in an alkaline solution of 
carboxymethylcellulose and adjusting the thickness of the gelling agent or the amount of 
zinc dispersed, or filling and sealing with no spaces remaining in a porous diaphragm 
pouch separated from the cathode substance, and the like. However, with long-term 
storage, the zinc particles do separate from the dispersion and the contact with the 
collector does deteriorate, resulting in shortening of the battery life and therefore, these 
measures are not satisfactory. 

Moreover, the zinc ions that are produced during discharge of secondary 
batteries in particular elute into the electrolyte that impregnates the negative pole 
substance and porous diaphragm. Therefore, contact with the negative pole collector 
ring becomes poor and it is difficult to obtain a sufficiently high current and it becomes 
impossible to charge with a sufficient current. Moreover, the zinc that has eluted 
diffuses near the cathode substance to form zinc dendrites during discharge. These 
dendrites pass through porous diaphragm 3 and short-circuit the anode and the cathode, 
leading to a reduction in battery capacity and curtailment of battery life. 

This anode substance undergoes considerable volume change during charging 
and discharging. Moreover, the dispersion is a liquid and therefore, it does not have the 
ability to retain its shape. Consequently, the porous diaphragm changes shape, 
particularly during volume contraction. This is accompanied by problems such as the 
contact becomes nonuniform between the anode and the porous diaphragm or the 
porous diaphragm and the anode substance, the internal resistance increases, energy 
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is lost through resistance polarization, the utilization factor decreases, a high current 
loading becomes impossible, and the like. 

The present invention presents an improved alkaline battery with which these 
problems and others are eliminated. That is, the present invention is a method of 
producing an anode for an alkaline battery, whereby zinc in powder, fiber, or particle 
form is uniformly mixed and dispersed in an aqueous polyvinyl alcohol solution 
containing 0.01 to 10 mol% of a boron oxide or boric acid in terms of the polyvinyl 
alcohol, this mixture is molded, and then it is combined with an alkaline solution to make 
a gel-like dispersion. 

This anode substance is characterized in that a zinc dispersion of crosslinked 
polyvinyl alcohol is obtained from a boron oxide or boric acid in place of the above- 
mentioned mixed gel with a viscous substance such as carboxymethylcellulose, sodium 
polyacrylate, water glass, and the like. The mixed gels that are currently used are 
primarily chain polymers as the base, and therefore, they are fluid and lack shape 
retention capability. In order to provide this shape retention capability, the gelling agent 
must be at a high concentration and this leads to a reduction in operating performance. 
Moreover, air bubbles readily mix in the negative pole substance, which leads to an 
increase in internal resistance and a reduction in battery properties. In addition, the 
majority of cross-linked polymers have poor ion conductivity and further, will not 
uniformly dissolve in aqueous alkaline solutions. Therefore, there is a tendency toward 
electrical insulation of the anode substance and the battery will not operate. Even if this 
is not the case, resistance to alkaline solutions is poor and battery life is curtailed. 
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Even though polyvinyl alcohol is an excellent diaphragm or gel and has high ion 
conductivity, it is a chain polymer and therefore, shape retention is difficult, battery life is 
short, and there is a reduction in the cycle life of secondary batteries and the utilization 
factor decreases. Therefore, by means of the present invention, 0.01 to 10 mol% of a 
boron oxide or boric acid is mixed with an aqueous polyvinyl alcohol solution, zinc is 
dispersed in this and molded, and then this is combined with an alkaline solution so that 
it is degraded with alkalinity and the polyvinyl alcohol crosslinks with the boron as the 
mediator to obtain a stable gel-like dispersion and this is used as the anode substance. 
If a boron oxide or boric acid is not used here, there will be a reduction in solubility of 
the polyvinyl alcohol when the polyvinyl alcohol degrades with alkalinity and although it 
will quickly gel as a result of hydrogen bonding, this solid will have very weak 

I 

shape-retention capability. In contrast to this, the >C-0-B-0-C bond where boron is in 

I 

the middle is very strong and shape is retained with stability in alkaline solutions. 
Furthermore, the boron atom at the center of the crosslinking has strong chain-forming 
affinity with zinc ions (Zn^*) and therefore, the elution of zinc ions into alkaline solutions 
that occurs as a result of discharge of secondary batteries in particular is avoided. Thus, 
the zinc particles are anchored semi-permanently at a certain position and maintain 
contact with the anode collector ring without moving. The gel dispersion does not 
deform and therefore, there is no increase in internal resistance, nor is there a reduction 
in the utilization factor, and an anode with excellent properties is obtained. 

Next, an anode made from the gel dispersion obtained by the method of the 
present invention and an alkaline battery that uses the anode made by the method of 
the present invention will be described. 



(1) An aqueous solution of 3% boric acid was uniformly mixed with an aqueous 
20% polyvinyl alcohol with a degree of polymerization of 4500 at weight ratio of 10:1 
and then 60% of 50-mesh zinc powder was added to this and uniformly stirred at normal 
temperature. The dispersion that was obtained was poured into a nylon nonwoven 
pouch with a diameter of 10 mm and a brass rod with a diameter of 3 mm was inserted 
into this as the collector ring. Next, this filled pouch was immersed overnight at normal 
temperature in aqueous 40 wt% potassium hydroxide solution. The dispersion which 
was introduced in the bag became an elastic solid and it was confirmed to be a gel-like 
dispersion that retained its shape without changing for two years. When an aqueous 
solution of sodium hydroxide, barium hydroxide, rubidium hydroxide, cesium hydroxide, 
or lithium hydroxide was used in place of the potassium hydroxide and solidified by the 
same method, a gel-like dispersion that solidified in exactly the same way was obtained. 

(2) A sheet of a gel-like dispersion was used by the same method as described 
in Example (1). That is, after adding and uniformly mixing an aqueous 3 wt% boric acid 
solution with an aqueous 20 wt% solution of polyvinyl alcohol with a degree of 
polymerization of 500 at a ratio of 10:1 , 55% of 100-mesh zinc powder was stirred in 
this at normal temperature. Then this was spread on a smooth saran sheet and a 
vinylon nonwoven material was placed on top to make a sandwich-like structure with a 
thickness of 2 mm to 3 mm between these two sheets. Next, an aqueous 30% sodium 
hydroxide solution was uniformly introduced over this vinylon sheet and then it was set 
aside overnight. A gel-like dispersion that was elastic and completely solidified was 
obtained overnight. 
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(3) The same experiment was performed by the same method as in Example (1 ) 
with the exception that the degree of polymerization of the polyvinyl alcohol was varied 
from 50 to 3,000. A gel-like dispersion that was an elastic solid was obtained 
regardless of the degree of polymerization. 

(4) The mixture ratio of the polyvinyl alcohol and boric acid was varied to 
determine the limit with which an elastic solid is obtained. That is, various amounts of 
boric acid were added to an aqueous polyvinyl alcohol solution and then this was 
uniformly mixed. Next, 30 to 90 wt% of 100-mesh zinc powder was mixed with this and 
this was used as the gel for evaluation by the method in Example (1 ). This gel was set 
aside at room temperature. The lower limit of the mixture ratio was determined by the 
deflocculated state and the state of zinc separation, while the upper limit was 
determined from cracking and ion conductivity. As a result, the mixture ratio of boric 
acid to polyvinyl alcohol had a lower limit of 0.01 mol% and an upper limit of 10 mol%. 

(5) Studies were conducted using compounds other than the boric acid in (4) 
that provide boric acid ions, such as anhydrous boron oxide, meta-borates. and the like, 
but virtually the same result as with boric acid was obtained and it was clear that [these 
compounds] act to solidify the material into an elastic body. Moreover, it was clear that 
the same results are obtained with almost any component as long as the [given] molar 
percentage is used as the mixture ratio. 

(6) A battery was assembled as illustrated using the elastic gel-like dispersion 
obtained in Example (1 ) as the anode, enclosing the outside of this anode with 
cellophane, and using a nickel oxide cathode that was obtained by adding nickel oxide 
as the active substance to a nickel sintered compact. After placing an aqueous 35% 
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potassium hydroxide solution in between the two electrodes, the battery was sealed. 
This battery was discharged at 4 Q and then charged at 1/2 C. This method was 
repeated. The results of comparing the life cycle of this battery with that of a 
conventional battery that used a uniform aqueous solution of 4% 
carboxymethylcellulose in placed of polyvinyl alcohol and boric acid are shown in Table 
1. 

Table 1. 





Number of 
cycles 


10 Ahr 


20 


30 


40 


50 


60 


70 


Capacity 


Conventional 
battery 


2.80 


2.65 


2.40 


2.20 


1.75 


1.15 


0.70 




Battery of 
the present 
invention 


2.95 


2.85 


2.70 


2.65 


2.60 


2.60 


2.58 



As is clear from Table 1 , the battery of the present invention has a very long life when 
compared to the conventional battery. 

(7) An anode of an elastic gel-like dispersion containing zinc powder that was 
made by the same method as in Example (1 ), with the exception that anhydrous boron 
oxide was used, and a cylindrical cathode substance that was made by uniformly mixing 
5% zinc powder with silver oxide and molding under a pressure of 3 tons/cm^ was used 
to assemble a battery of the same shape as shown in Figure 1 . This was set aside at 
65°C and the reduction in capacity was investigated. Furthermore, a silver oxide-zinc 
battery (Comparative Example) was made using the same conventional anode as 
described in Example (6) and the two batteries were compared by investigating the 
reduction in capacity after being similarly set aside at 65°C after they were discharged 
at constant resistance under a load of 4 Q. As a result, in contrast to the fact that the 
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reduction in capacity of the battery of the present invention was 0.5 to 1.5% after five 
months and 2.5 to 4% after ten months, the conventional battery showed a reduction of 
4 to 6% after five months and of 7 to 15% after ten months. The increase in the life of 
the battery of the present invention was considerable. Virtually the same result was 
obtained when metaboric acid and potassium metaborate were used in place of the 
anhydrous boron oxide. 

(8) An air-zinc battery was made after combining a conventional air battery 
electrode with the disc-shaped electrode made in Example (2), placing two pieces of 
vinylon nonwoven material in between these electrodes, and then thoroughly 
impregnating this with potassium hydroxide. The discharge properties were 
investigated with constant-resistance discharge under a load of 50 Q after being set 
aside at 65°C. As a result, it was determined that 95% of the initial capacity was 
retained after ten months. However, a battery that used a zinc powder sheet made by 
conventional methods using carboxymethylcellulose showed a reduction in capacity of 
77% of the initial capacity after the same storage time. 

(9) It was clear that the discharge properties are very good, even with the gel- 
like dispersion of the present invention that uses zinc fibers in place of zinc powder. 
This is probably because in contrast to the fact that in the Conventional Example, the 
zinc fibers are nonuniformly worn with discharge, and some of the fibers therefore break, 
and then the broken fibers are displaced, resulting in deterioration of contact with the 
collector ring, the zinc is dispersed in an elastic solid when the gel-like dispersion of the 
present invention is used in the battery and therefore, there is no deterioration of 
contact due to displacement of zinc. 
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Thus, separation of the zinc particles and deformation of the gel-like zinc 
dispersion during long-term storage do not occur with the alkaline battery that uses the 
anode obtained by the method of the present invention. Moreover, the boric acid ions 
that are used as the crosslinking agent traps the Zn{OH)4^' with repeated charging and 
discharging when used as a secondary battery and this prevents the Zn(OH)4^" that is 
produced as a result of the discharge from passing through the separator and reaching 
the cathode side. Consequently, there is little Zn(OH)4^" around the cathode and 
therefore, deterioration of the cathode is prevented, the formation of zinc dendrite 
crystals during charging is inhibited, and short-circuiting can be prevented. Furthermore, 
this gel-like zinc dispersion is an elastic solid and therefore, self-shape-retention 
capability is good and problems with a reduction in the utilization factor and the capacity, 
poor low-temperature properties, and the like do not occur as a result of a degradation 
of electrical contact caused by expansion and contraction. This gel-like zinc dispersion 
can be made as hard as necessary by adjusting the mixture ratio of the polyvinyl alcohol 
and boron oxide, and it can have any shape, such as sheet, cylindrical, or columnar 
shape, prior to being degraded with alkalinity. 



Brief Description of the Drawings 

The drawing is a cross section of an example of an alkaline battery. 
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